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CR-39 SSNTD detects radioactive emissions and thireggrovides a means of studying tracks of emigtadicles such as
Fission Fragments and alpha particles. A new waynafging etched fission fragments and alpha trackSR-39 detector is
presented. A commercial software Image Pro Plusésl in digitizing the images, counting and classif the tracks. Variations

of etched track dimensions with particle energrespresented.

1. Introduction

The apparent applications of Solid-State Nuclear
Track Detectors (CR-39 SSNTD) in the last decade
have presented the need to develop techniques to
image large detectors areas, count and quantifk tra
parameters in the least possible time. The evaluati
of these tracks in CR-39 SSNTD’s has unraveled
many applications in environmental pollution
monitoring and earth sciences [1-4]. The use of
advance scientific means as a non-invasive tool in
studying SSNTD is becoming very important. The
operation of the CR-39 SSNTD'’s is based on the
fact that a heavy charged particle will cause
extensive ionization of the material in its wakeitas
ionizes almost all molecules in its path. The iexdiz
area fades along a radial path in its passageghrou
the CR-39 SSNTD. These latent ionized path when
chemically, or electrochemically etched, amplifies
the ionized parts for visual (optical) assessment a
possible analyses of the track parameters. There ar
various methods used in characterizing and counting
the etched track detectors as reviewed by Nikolaev
et al. [5] and Nikezic et al. [6]. Optical microges
have been used to visualize and count tracks after
etching [7-8]. The optical microscope is accuraie b
quite tedious with a high assessment time when
minute tracks are encountered. Ho et al. [9] used
atomic force microscopy (AFM) to view 3D
structures of the tracks (Pits) and were able to
discriminate between genuine tracks and other
damages that were similar to tracks. Nikezic et al.
[10] investigated the limitation of track studiesing
AFM. Recently, Gautier et al. [11] have developed
an apparatus for fast a screening and quaktati

* eghan_jm@yahoo.com

analysis of CR-39 detectors using a simple greerNde
laser and a high-resolution digital single-lenslevef
camera as the source and imaging devices, reseksctiv
Eghan et al. [12] in their previous work have
described an opto-digital imaging system and used
Image Pro-Plus [13] software to process the image,
count and record track parameters of irradiatedlilR-
detectors. In this paper, the authors seek to image
fission fragments and alpha tracks simultaneously o
irradiated CR-39 detectors using an opto-digitaging
system. The uniqueness of the set up is that daitm
of the original object through the lenses simplys ha
scale factors that are similar for all points ie image
field of interest.

2.  Imaging System

Two lenses (optical system) were placed such that a
coherent parallel He-Ne laser beam of uniform isitgn
and zero phase illuminated an electrochemicallirezic
CR-39 detector with a complex amplitude
transmittanceglz(xl,yl) located in the front focal

plane of lens Las shown in Fig. 1. The bi-dimensional
Fourier transformGl(u,v) of the object at O by Lhas

an amplitude distribution in the back focal plarfid.pat
the Fourier plane and this is expressed as [14-16]

G,(uv)=F,[g.(x.v,)]=

oo 1
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Where, u=x,f /A and the

rectangular spatial frequencies of the input in the
Fourier plane. The beam wavelengkh i€ 0.631m and

f, is the focal length of the Lens;Lwhich is an
achromatic doublet type. The system performs atine

v=y f, /A are
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invariant transformation and permits signal protegss
There is the possibility to manipulate the spectroim
the input image by using a mask or optical filterhe

use of mask or optical filters onilyproves the signal to

correlation process, however, it decreases theemgst
tolerance for signal size and orientation variagiohhe
manipulation process results in the deformation of
tracks in the image, which does not aid further

noise ratio by increasing the selectivity of theprocessing.
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Fig.1. The optical system arrangement [12].

The second lens g has a longer focal length such
that an image with higher density track can be
projected. The configuration has a fixed distance
dictated by the focal length of the lenses with the
magnification of the image derived from the ratifo o
their focal lengths. Thus the optical arrangement
performs an inverse Fourier transform projecting th
image onto the camera with an amplitude distributio
in the output plane(gz(xz, yz)) given by [16] as

0. (x,.y,)=F.[6, [ v )=

. @
_.[o.[ g(Mxv My1 )h(xz - MX1' Y, ~ Myz )dX1dy1

Where,u’ =x, f,/A and V' =y, f,/A.

The output spectrum is a convolution of the input
response scaled by a magnification factor M with a
point  spread  function impulse response
h(x,,y,) = FZ[H(u,v)]. M=f,/f s the lateral
magnification of the imaging system ang i§ the
focal length of lens L H(u,v) is the transfer

function at the Fourier plane. The amplitude
distribution of the light intensity can be consigérto
include all total internally reflected individuaight
rays that impinge on the walls of the tracks and

2.1 Experimental procedure

In this work, four CR-39 SSNTD (Tastrak, BristolKU
0.6% DOS plasticizer, 6.0 KeMtih detection threshold)

of size 1.5 crh of thickness 0.1 cm were irradiated
separately for a determined period and distance fao
calibrated Califoniurfr®> source. For comparison each
sample was viewed with a microscope (Carl Zeiss,typ
4-1000x) on a graduated mechanical stage with an
adjustable illuminator, as an initial examinationget a
general impression of the tracks. Another deteutas
kept non-irradiated and used as the control sample.
Conditions for the preferential amplification (eitody) of

the detectors are summarized in Table 1.

Normal air was used as the medium in collimating
the particles for irradiating the detector throumht.0
mm diameter polyvinyl chloride (PVC) pipe of height
2.5 mm. The detectors were irradiated in a normal
incidence mode. The expected fission track derisity
~5.0 x1G tracks/mm for an irradiated area of the
detector. CR-39 detectors laterally place in thgeath
plane O of Fig. 1. The N tracks in the CR-39 are
illuminated by a low power (40% of 1mW) He-Ne laser
beam. The beam is totally internally reflected b t
tracks walls and consequently appears as dark igray
the image plane.

In the present investigation, the energies of ientd
particles at the detector surface is a functionthaf
source-distance, which was calculated using thgeran

appear as dark shapes representing the trackein th and stopping power for heavy ions by Northcliffedan

image.

Schilling [17].
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Table 1: Characteristics of the detectors andrigepential etching conditions.

Type of Etching
Material Etching Conditions
Density Refractive | Electro- 70°C Time h* | V,pm h!
CR-39 (gcm® | Index chemical
Ally diglycol- 1.32 1.45 4.5 kV NaOfl, 7.0 0.22
-carbonate 6.0N

clockwise direction and an average of this is taken

. the average diameter.
The images were captured frame per frame and saved

as TIF File using the Image-Pro Plus [13]. For each

detector two fields of view (each 0.03 Ymwere

captured taking into account track densities sdoas

achieve an error less than 5%. To analyse the grack

the following process were adhere to in order to

calibrate and identify the tracks:

1. Calibration: A series of pseudo opaque circular
spots (Perspex dots) of diameter in the range 2 - .
30um (measurement  obtained from the
microscope) were imaged. These values were
stored in the calibration module of the Image Pro
software by locating the vertical and horizontal
length in pixels of each spot. The software pixels
gray levels have been designed to fit any scale of Fig.2..A schematic iIIustrqtion of how the softwameasures
the coordinate system in the image. This allows ::Tscflasn;ertgt;t%nan arbitrary etched track, in asgp
one to extract information of any physical W on.

parameter. _ . The output of the track analysis using the Image-
2. Processing: The spatial resolution of the recorded p, plus on the processed digitized image provitied

image corresponds to 0 to 255 gray levels. A fo|iowing on each track: a number associated to a
background image of the laser beam through the coynted track, classification of tracks accordimg t
non-irradiated electrochemically etched detector i 5ck aspect ratio (i.e., ratio of major to minafsathat
was imaged and subtracted from each image of an giyes the circular or ellipsoidal nature of theckopand
irradiate detector to eliminate some background 565 The software has a Dynamic Data Exchange
noise. The images were enhanced by sharpening, (ppg) with Microsoft Excel Program, enabling the

using a3x3 convolution with 2 passes and &  {rack parameter data to be graphically represented.
Gaussian filter with 8x3, with 1 pass.

3. Counts/Analysis. To recognize the damages and 3,
defects, a different gray scale range on the _ .
average, other than (0 - 82), and aspect ratio Results generated using the “Image Pro” application
within 1.0 - 1.75, identified the tracks. This gave Classification are shown in Figs. 3a, 3b and 4a for
an adequate distinction of the tracks from the counted alpha and fission fragments tracks,
damages' A Size Constrain of area <|_282 for I’eSpeCtlve|y. TraCkS that remain V|S|b|e after
alpha tracks and > 2@m? for the Fission tracks processing are efficiently classified, counted dinel
were invoked and used simultaneously with the area simultaneously recorded. Border tracks are
of tracks. complete size is unknown. Figs. 3c and 3d, and.Figs

With the calibration condition set, the softwarawls 4b and 4c, show statistical information on tracks

a horizontal line at the central pixels of eacltkras aspect ratio and area distribution of the two tsack

shown in Fig. 2. The line MM,rotates in a 2° step  LyPes, respectively.

2.2 Dataprocessing and analysis

Results and Discussion



African Physical Review (2015 0001

[ Gaussian Meen Track Gourts (N

-
2

- ¥
s
.
b

&
e
-

\\\\g
-

| X ’\:qf'k :!..J..'l.‘.’_.."t*“?. ¢
55883868

Track Counts (N)

Track Counts (N)
cuBBEEBHEEB88ES

o8

SN
08 10 12 14 16 18 20 4 8 1 1B D 24 B

Aspect Retio (Veiar AXMInor Axis) Aea inf

R0 2 0 T
\ s ] L]
YR WA

a b c d

Fig. 3. (a) A section of captured CR-39 (CIIl) detecwith 5 classifications of alpha tracks. (b) GMith only alpha tracks
counted and associated with a number. (c) Histoglapicting the area classification with a Gauséitaand their percentage
means. (d) A histogram on class distribution ofigpect ratios with a Gaussian fit.
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Fig.4. (a) A section of Clll classified and countEssion fragments with numbers associated. (b) igtogram on class

distribution of its Aspect ratios with a Gaussién fc) Histogram depicting the Area classificatiwith a Gaussian fit and their
percentage means.
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Table 2 summarizes the track distribution on th& fo
detectors. A standard deviation of 0.01 and 0.06 %
for the area of alpha and fission tracks, respebtjv

were obtained. The standard deviation for theieasp
ratio was 0.004% for alpha tracks and 0.01% for
fission tracks.

Table 2: A table showing the mean area and asp#otvalues of each CR-39.

Alpha () Fission Fragments
Detectors| Mean track | Mean aspect| Mean Track | Mean aspect Ratio| Total Counts
area jum? Ratio area fjum’
Cl 8.38 1.286 86.78 1.341 2660
Cll 8.38 1.278 86.67 1.302 2656
Clll 8.39 1.288 86.80 1.311 2658
Clv 8.36 1.286 86.82 1.309 2656
The results in Table 2 emphasize the fact that the 4, Conclusion

detectors had similar tracks parameters as theg wer
irradiated from the same source and preferential
etching conditions.

Figs. 5a-5b show the relationship between track
area and particle energy. The graphs show a decreas
in energy with increasing area of tracks as progose
by Khayrat and Durrani [18] and Hofy et al. [19].
Thus the size of an etched track is a measureeof th
total energy deposited in the medium. The results
further confirm the versatility of the system ansd i
efficiency and reliability. The selection of thetizal
configuration makes it possible to view the twoesgp
of tracks which are unique. This is not found instio
track imaging systems as most configuration views o
images only one range of track set at a time. The
large area viewed (0.03&ris much greater than the
microscope.
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Fig.5. A plot of area versus residual energy afkssfor: (a)
alpha tracks and (b) fission fragments.

An alternative image technique and counting of
nuclear tracks induced in CR-39 has been developed.
Counting and track parameter evaluation was fast (2
per image frame) and the configuration enables the
imaging of the two types of particle tracks. The
authors are aware of AFM, and other automatic or
semi-automatic imaging and counting systems [20]
developed, but they are complex and expensive. An
improvement on our system would be to reduce the
cost by using a digital camera and an open source
imaging software.
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